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THE NASA DIGITAL VGH PROGRAM 


EXPLORATION OF METHODS AND FINAL RESULTS 

VOLUME III: B 727 Data 1978-1980: 1765 HOURS 

Norman L. Crabill 
Eagle Engineering, Inc. 

Hampton Division 
Hampton, Virginia 


SUMMARY 

Data obtained from the Digital Flight Data Recorder System of 
B 727 aircraft in 985 flights and 1765 hours of airline revenue 
operations are presented as an extension of the work documented in 
Volume I of this report. Data on conditions with flap deployment 
and autopilot use are given. In addition, acceleration statistics 
are presented from about 26 hours on nonrevenue flights. No 
discussion of the data is presented. 

INTRODUCTION 

This document presents the results of the NASA DVGH Program 
obtained during 1978-1980 operations of Boeing 727 aircraft. This 
Volume is an extension of the work and methods documented in Volume 
I. The data reduction analysis and methods and data presentation 
are essentially the same as those reported in Volume I. However, 
this report does contain additional data on autopilot usage and 
some limited acceleration-derived exceedance data obtained from 
nonrevenue flights. 



AIRCRAFT AND INSTRUMENTATION 


Aircraft 


The aircraft type was the Boeing 727-200 with three Pratt and 
Whitney JT8D-15 turbofan engines. Characteristics of the aircraft 
used in the data reduction process are given in Table I; the 
configuration is shown in figure 1. 

Instrumentation 

The data were obtained from the Digital Flight Data Recorder 
system described in Volume I. Measurements were: 


Parameter 

*n + 1 

a y 

CAS 

HP 

FLP 

Autopilot Status 
Cabin Pressure 


Range and Units 
-3g to +6g 
-lg to +lg 
100 to 450 kts 
-1,000 to 50,000 ft 
-5° to 60° 


Samples per Second 
4 
4 
1 
1 
1 


Off or Not-Off Discrete 

0 to ~ 15 psia 1 


Note that Spoiler data are not reported here, although they 
were in Volume I. Flap deflection (FLP) is for the inboard right 
trailing-edge flap as shown in figure 1. The cabin pressure data 
type is new, and was not available in the tests reported in Volumes 
I and II. 
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SCOPE OF DATA 


Data were collected from up to 20 aircraft operating in 
regular airline service over the service area, shown in figure 2, 
during 1978 through 1980: Almost all of the data (985 flights and 
1765 hours) were obtained during passenger-carrying revenue 
service; a small amount (64 flights and 25.9 hours) was obtained 
during nonrevenue service (ferry flights mainly, although some 
training and maintenance flights may have been included) . Due to 
operational difficulties, it was not practical to obtain continuous 
data from one aircraft as in Volumes I and II; it was therefore 
decided to obtain the data from any of the twenty 727-200 aircraft 
being operated by the airline over the service route during the 22 
months of the test. 


DATA REDUCTION PROCESS 

The Data Reduction Process is basically the same as described 
in Volume I. The filter used to separate maneuver and gust 
accelerations was similar to that described in Volume I except that 
the high limit of the band pass was set at 1.5 Hz based on an 
inspection of representative spectra. Although the results of 
reference 13 in Volume I indicate that the operation of the 
autopilot can cause up to a 20 percent reduction in the normal 
acceleration peak response to continuous turbulence, it was 
decided, after consultation with the industry, not to account for 
this in deriving U de' in order to maintain comparability with the 
VGH results, even though the autopilot status was being 
monitored. 
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RESULTS 


Flight and Acceleration Derived Statistics 

Presentation of Flight Profile Statistics results is as 
described in Volume II. Flight Profile Statistics are given in 
Percent of Time, and as Maximum Values on a Percent of Flight basis 
for Entire Flights (flaps up or down) and for Flaps Deflected. For 
operations reported in this volume, the conditions existing at flap 
retraction after lift-off, and the conditions existing at flap 
deflection before landing are given. 

Acceleration Derived Statistics are also presented as in 
Volume I, except that with Flaps Deflected, the maximum a n per 
flight and the Equivalent Airspeed occurring are presented for the 
various flap detents in take off and landing. Also new are level 
crossing counts for the Acceleration Derived quantities for non- 
revenue flights. All other results are for revenue flights. The 
Acceleration Derived quantities are subject to the same limitations 
discussed in Volume I, which indicates that the exceedances derived 
from the DFDR system at 4 samples per second may be significantly 
less than if actual peak values were counted. 

The detailed Flight Profile and Acceleration Derived Statis- 
tics are given in figures 3 through 24, as shown in Table II. No 
discussion of the data is presented. 

Autopilot Usage and Effects 

Autopilot status was monitored as off, or on, without regard 
to the exact on-mode for 223 hours of operations. The autopilot 
was on about 56 percent of the time; 23.7 percent of the time that 
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the autopilot was on, the low amplitude limit cycle in normal 
acceleration noted in Volumes I and II appeared. Its character- 
istics are summarized in figure 25. This phenomenon is believed 
to be due to off-nominal autopilot operation in the altitude-hold 
mode and is more fully discussed in Volumes I and II. 

Cabin Pressure 

Absolute cabin pressure was measured and used to compute the 
quantity "Maximum Differential Cabin Pressure per Flight" by using 
the measured absolute cabin pressure and the standard atmosphere 
based on the indicated pressure altitude. The distribution of this 
quantity as a function of the percent of flights is shown in figure 
26. 

CONCLUDING REMARKS 

Data obtained from the Digital Flight Data Recorder system of 
B 727-200 aircraft in 985 flights and 1765 hours of airline revenue 
operations are presented as an extension of the work documented in 
Volume I of this report. Some new data on conditions with flap 
deployment and autopilot usage are given. In addition, accelera- 
tion statistics are presented from about 26 hours on nonrevenue 
flights. No general discussion of the data is presented. 
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TABLE I 


BOEING B 727 CHARACTERISTICS USED IN THE ANALYSIS 

O Geometrical Characteristics 
o Wing Area = 1560 ft 2 

o Wing Mean Chord = 15.06 ft 

O Lift Curve Slope C Lq per degree 


o 

Flaps up = 

f (M, HP) 


o 

Flaps 

down 

M 

HP = 0 

20 kft 

40 kft 

FLP, 

deer 

HP ~ 0 

.2 

.0980 

.0980 

.0980 

0 


.0980 

.4 

.0920 

.0975 

.1010 

5 


. 1110 

.5 

.0890 

.0965 

.1025 

10 


. 1150 

.6 

.0870 

.0978 

. 1050 

25 

(TO) 

. 1167 

.7 

.0845 

.0990 

. 1100 

40 

(LD) 

. 1056 

.8 

- 

.1040 

.1185 




.9 

— 

. 1150 

. 1325 





o Weight was computed linearly with time from takeoff to landing 
as described in Appendix C in Volume I. 

W! 
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TABLE II 


INDEX OF FLIGHT PROFILE AND ACCELERATION STATISTICS 


FLIGHT PROFILE STATISTICS 


o ENTIRE FLIGHTS 

Figure Number Subject Page Numbers 

3 Weight vs. Flight Duration 12-17 

4 Altitudes and Gross Weights 18 

5 Altitudes and Airspeeds 19-22 

6 Altitude Summary 23 

7 Maximum Altitudes 24-25 


o FLAPS DEFLECTED 

8 Flap Detent Use 26 

9 Weights, Altitudes and Airspeeds 27-36 

10 Flap Deflection Times 37-39 

11 Equivalent Airspeeds and Detents 40 

12 Flap Use above 10,000 ft 41 
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TABLE II (continued) 
ACCELERATION DERIVED STATISTICS 


o ENTIRE FLIGHTS 


Figure Number 

Subject 

13 Normal 

Acceleration Exceedances 

(a) 

a n matrix 

(b) 

a^ matrix 

(c) 

a nG matrix 

(d)-(m) 

a n' a r*' a nG P lots 

14 Lateral 

Acceleration Exceedances 

(a) 

a y matrix 

(b)-(k) 

a y plots 

15 Exceedances 

(a) 

U de matrix 

(b)-(k) 

u de Plots 

16 Peak Positive and Negative a n vs. 

(a) 

a p matrix 

(b)-(k) 

a n plots 

17 Peak Positive and Negative a^ vs 

(a) 

a^ matrix 

(b)-(k) 

a^ plots 

18 Peak Positive and Negative a^ vs. 

(a) 

a nG matrix 

(b)-(k) 

a nG plots 


Page Numbers 


42 

43 

44 

45-54 


55 

56-65 


66 

67-76 


Altitude 


77 


78-87 


Altitude 


88 

89-98 


Altitude 


99 

100-109 
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TABLE II (concluded) 


19 Peak Positive and Negative vs. Altitude 


(a) 

U de matrix 

110 

(b)-(k) 

U de plots 

111-120 

FLAPS DEFLECTED 



Figure Number 

Subject 

Page Numbers 

20 a n Exceedances with Flaps Deflected 


(a) 

Take Off Detents matrix 

121 

(b) 

Take Off Detents plot 

122 

(c) 

Landing Detents matrix 

123 

(d) 

Landing Detents plot 

124 

21 Peak Positive and Negative a n per flight 

and EAS bands 

(a)-(d) 

Take Off Detents 

125-128 

(e)-(j) 

Landing Detents 

129-134 

NON-REVENUE FLIGHTS 


Figure Number 

Subject 

Page Numbers 

22 Normal , 

Acceleration Exceedances 


(a) 

a n matrix 

135 

(b) 

a^ matrix 

136 

(c) 

a^ matrix 

137 

(d)-(m) 

a n' a r*' a*, plots 

138-147 

23 Lateral 

Acceleration Exceedances 


(a) 

a y matrix 

148 

(b)-(k) 

a y plots 

149-158 

24 U de Exceedances 


(a) 

matrix 

159 

(b)-(k) 

U de plots 

160-169 
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/ 
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Figure 1. Three view drawing of aircraft. 
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Figure 2. - Location of service area and scope of data 
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Figure 3.- Percent of flints; weights vs durations. 
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(b) Gross weight at landing 
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(c) Fuel weight at take off 
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Figure 3.- Continued 
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(e) Fuel bum vs flight duration 
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(f) Payload weight vs flight duration 
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Figure 4.- Percent time in altitude and gross weigth bands. 
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Figure 5.- Percent time in altitude and airspeed bands. 
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Figure 5.- Continued. 
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Figure 5.- Continued. 
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(d) All flight modes 
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Figure 6.- Percent of flights vs time in altitude bands. 
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(a) Maximum altitude vs flight duration matrix 




Time in flap detent in takeoff or landing 
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Figure 9.- Gross weight, altitude above airport, and airspeed time distributions 
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Figure 9.- Continued. 
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Figure 9.- Continued 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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Time before touchdown that flap is changed, minutes 


(c) Landing : Plots of data from Figure 10(b) 


Figure 10.- Concluded. 
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Figure 11.- Percent of lights vs equivalent airspeed at flap detent change. 



Number of Flights 



(a) Pressure altitude at initial flap deflection, kft. 



(b) Calibrated airspeed at initial flap deflection, kft. 



(c) Minutes above 10,000 ft. that flaps delected > .5 degrees 



(d) Minutes before touchdown of initial flap detection 


Figure 12.- Flap use above 10,000 feet altitude. 
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(a) a n Level crossing counts pre hour within pressure altitude bands 
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(b) a^ Level crossing counts per hour within pressure altitude bands 
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(e) Level crossing counts per hour within pressure altitude bands 



Incremental Acceleration, g units 

(d) a,, a^, a^, -500 to 4500 feet altitude 
Figure 13.- Continued. 
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Total Flights 985 

Total Hours 104.07 



Incremental Acceleration, g units 
(0 a»> a^, 9500 to 14500 feet altitude 


Figure 13.- Continued. 
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Figure 13.- Continued. 
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Figure 13.- Continued. 
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Counts/Hour 


Total Flights 985 

Total Hours 495.03 
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Incremental Acceleration, g units 

G) &,<>, 29500 to 34500 feet altitude 
Figure 13.- Continued. 
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Total Flights 
Total Hours 
Total Miles 
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663.54 

296925 



Incremental Acceleration, g units 
(k) a,, ju, a^, 34500 to 39500 feet altitude 


Figure 13.- Continued. 
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Figure 13.- Continued. 
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Total Flights 
Total Hours 
Total Miles 


985 

1765.59 

723083 



(m) a,, a*,, a*,, -500 to 44500 feet altitude 


Figure 13.- Concluded. 
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Counts/Hour 


Total Flights 985 

Total Hours 105.51 

Total Miles 26174 



-0.20-0.16-0.12-0.08-0.04-0.00 0.04 0.08 0.12 0.16 0.20 
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(c) 4500 to 9500 feet altitude 
Figure 14.- Continued. 
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(d) 9500 to 14500 feet altitude 


Figure 14.- Continued. 
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(e) 14500 to 19500 feet altitude 


Figure 14.- Continued. 
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(g) 24500 to 29500 feet altitude 


Figure 14.- Continued. 
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a y , g Units 

(j) 39500 to 44500 feet altitude 


Figure 14.- Continued. 
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(a) U,„ Level crossing counts per hour withing pressure altitude bands 
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(b) -500 to 4500 feet altitude 
Figure 15.- Continued. 
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Total Hours 102 71 

Total Miles 18522 



67 



Total Flights 985 

Total Hours 105.51 

Total Miles 26174 



(c) 4500 to 9500 feet altitude 


Figure 15.- Continued. 
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Counts/Hour 



(d) 9500 to 14500 feet altitude 


Figure 15.- Continued. 
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Counts/Hour 
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Total Hours 74.64 

Total Miles 28461 
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(e) 14500 to 19500 feet altitude 
Figure 15.- Continued. 
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Figure 15.- Continued. 



71 



Total Flights 985 

Total Hours 132.80 

Total Miles 58868 
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Figure 17.- Peak positive and negative vs altitude. 
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Figure 20.- ^ exceedances with flaps deflected. 



(b) Take off 


Figure 20.- Continued 
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Figure 20.- Continued. 




(d) Landing. 

Figure 20.- Concluded. 
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(h) Landing; flaps 25 degree detent 
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PRESSURE ALTITUDE BANDS 
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(b) Level crossing counts per hour within pressure altitude bands 



-500 TO 4500 TO 9500 TO 14500 TO 19500 TO 24500 TO 29500 TO 34500 TO 39500 TO -500 TO 

4500 FT 9500 FT 14500 FT 19500 FT 24500 FT 29500 FT 34500 FT 39500 FT 44500 FT 44500 FT 


**Hr*^^Nr-r-vpo*f <o io to 

oi»)i0«tfiAWloaoo A co A oo 

OOOOOOOOOOH*OHHAO*HOOOOOOOOOO V) 0B « Ifl flB 

N H ft O N N r-» VP N H 

H fl H VP VP 

H 00 00 

O h tt O H 

<n r- oo cs 

OOOOOOOOOOOOOHCOOOOOOOOOOOOOOOO o oo 

H a to 

in ro 

H 

H H n H VO 3 § 

« ifl o(n < cmo mm 

oooooooooooooiomvpooooooooooooo j g g 

10 N 

h m MW 

11 

NODHNOVptOttN oo nm 

in in in a a to h o ia an h h 

ooooooooooo<sir-'oN«oio«4ooooooooooo HA OH 

vp n vp n X 

r~ a w 

I.. 

ass 

O 00 VO 00 LO ^ IO 

IO 10 Vp IO N H H ^ d 

oooooooooooo<onioniooooooooooooo ho h 8 8 

r- ^ r*" oo p P p 

vp ** h r ri 

mNNoor-o co <n 

o vp o A rl A A 

oooooooooooHmr-'mcomoooooooooooo ho 

cm h cm r* 

r> r* 

H 

OOCMOOVOACMOiH Htf) 

AA^AIOVPCOAOO H<0 

OOOOOOOOOOOOlOtodoOVPOHOOOOOOOOOO HA 

to r~ to h 

cs m 

H 

lOaMIflCOflOMM u> to 

VOtOA^ACMAA IOO 

OOOOOOOOOOOCMCMCMOodcMHOOOOOOOOOOO HA 

h «n vp h r- 

a 

HN<PiO«W«^ to H 

lOOCMVPAVPNtO AH 

OOOOOOOOOOOHHCMVPHOHOOOOOOOOOOO H 00 

H A 00 A H VP 

H 

CMcnvpotovpiocMoomcM lO fO 

HVpAOO^mCMHOH Nh 

oooooooooodcMtooddcMVpddoooooooooo d a 

rnn h o mo h o 

NON MJ 

5 5 

3d 

<X> V 

13 u oooooooooooiooio toouiooooooooooo mm 

^0 gQ)V4NO(OhWIOM(ONrirlO g 

9 dl ri ri ri H ’ O |* I* I* I 1* I 1 I I I rj wj wj rj g g 

n 

as 


ORIGINAL PAGE IS 
OF POOR QUALITY 



iH 

tu 


137 



Total Flights 64 
Total Hours 8.25 



Incremental Acceleration, g units 


(d) a„, a^, a^, -500 to 4500 feet altitude 


Figure 22.- Continued. 
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Total Flights 64 
Total Hours 1.95 

Total Miles 468 



Incremental Acceleration, g units 


(e) a,, a^, a^, 4500 to 9500 feet altitude 
Figure 22.- Continued. 
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(0 a»* a»M> a*?. 9500 to 14500 feet altitude 


Figure 22.- Continued. 







Incremental Acceleration, g units 

(g) a,, a^, a^o, 14500 to 19500 feet altitude 
Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 


Total Flights 64 
Total Hours 7.26 
Total Miles 3264 



145 



Counts/Hour 


105 
io< 

105 
10 * 

10 * 
ioo 
io-» 

10 * 

103 

- 1.00 - 0.80 - 0.60 - 0.40 - 0.20 0.00 0.20 0.40 0.60 0.80 1.00 
Incremental Acceleration, g units 

(1) a», a^, a*,, 39500 to 44500 feet altitude 
Figure 22.- Continued. 
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Incremental Acceleration, g units 

(m) a„, a^, a^, -500 to 44500 feet altitude 
Figure 22.- Continued. 
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(c) 4500 to 9500 feet altitude 


Figure 23.- Continued. 
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Figure 23.- Continued. 
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(f) 19500 to 24500 feet altitude 
Figure 23.- Continued. 
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Figure 23.- Continued. 
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Figure 23.- Continued. 
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Figure 23.- Concluded. 
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Figure 24.- exceedeances: Non-revenue flights. 
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Figure 24.- Continued. 
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Figure 24.- Continued. 
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(g) 24500 to 29500 feet altitude 
Figure 24.- Continued. 
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(h) 29500 to 34500 feet altitude 
Figure 24.- Continued. 
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Figure 24.- Continued. 
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(j) 39500 to 44500 feet altitude 
Figure 24.- Continued. 
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Figure 24.- Concluded. 
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Figure 25.- Autopilot "limit cycle' experience. 
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Figure 26.- Maximum differential cabin pressure per flight; Percent of flights. 
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